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ABSTRACT 

Air structures can be erected quickly, cover lacge 
areas, cost substantially less than conventional buildings, and use 
less natural resources. Air structures are economically utilized for 
many facilities, such as athletic fields, swimming pools, high 
schools^ day care centers, and college campuses. The literature on 
air structures covered in this review consists of materials on 
technical information, costs, specific uses, advantages and 
disadvantages of air structures, and a look at some of the future 
uses. (Author) 
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Mounlini; con^il mclioii C(.)sLs, Huctiuilinj:; sliulciii cni'oll- 
nicnis, and unsuccessful schot)! buclii^ci elect inns ;irc Inrcint; 
sclitx)! acIn"iinislr;U(>rs who liavc iDuilcIin^ needs to explore 
contemporary, Ilcxible, facility dcsii^n aliernaLixes available 
at costs below ihoseol' traditional structures. 

One of these alternaiives, air stiuctiues, lias I^een eco- 
nomically utilized for many facilities, such as j athletic 
fields, swim mint* j^ools, hitrh schools, day care centers, 
and ■college campuses. Often referred to as '^nibbles/' air 
structures are enclosures fabricatetl from flexible, essentially 
airtifvhi materials suj)p<)rted and stabilized throui^h air 
pressure' 

'["here are ihrec basic types {)f air' structures. In air sup- 
port ed structures the entire enclosed space is maintained at 
a j^ressure liiglier than ambient alniospheric pressu re; Varia- 
tions include utilization oT a second membrane layer and/or 
addition of cable' rein forceiiients io reduce primary stresses 
in the structural enveh)j)e. Air inflated structtu'es do noi have 
pressurized interiors but use air inflated elements that act as 
columns, beams or arches to support the membrane. Cable 
reinforccnients can also be utilized in air supj^orted and air 
inflated structures. Hybrid air structures combine elements 
of the, first two types Or use them with other structln*e sup- 
ports. 

' Air structures can be erected quickly^ cover large areas, 



cnsl suljstantiaily Icss^ ihan convini lional l)uilcrni,i;s, and" use less natarai i\'Si>'n\cs. . Those 
dcsi.^iu'd witlioiit pcrnianciu foundations arc adaptable- to rhangini; needs, can he moved 
easily from loeadnn hj location, and have a minimal erfccj on t he terrain where ihey are used. 

The liu'vatuie on air strueturcs ei)iisists, for ihe most jjart, ol leehnieal slate-ol-the-avl 
I'epoi'ls", ease sUidies of |)artic ular sehools using air sli uetures, and overviews ol" \'arious 
advaiitaj^es ancT disaclvunuit'es of air siructurcs. 

■ This iwiew eilcs rej)orls eo\'erin,i; ahriost a ten-yeai; lime si)an. Because the technology ol" 
air struetiues has advanced very rapidly, some of the problems cited in -earlier literature have 
i)een partially or comj)lelely si>lve(I at the time ol' later studies. Some reierences are not 
discussed in the text but are annotated in the bil)Iio^raj)h\'. Readers are ad\'ised to c()mj:)are 
earlier references with later account^^s to obtain an .up-tf>-date view of air structure devcNipment. 



TECHNICAL Information 

.\ n e nj ire issue of />' 1 1 il di} ig . H i -s < 7/ rc h 
('"/Vir Structures" 1972) is devoted to 
rep{)rls from a 1971 international, inter- 
disciplinary Air Struetiues Ff)rLmi, e(v 
s[)oiis<)red by twenty corporations. In- 
tended as a compilation of the latest 
developments in the field, ihe report in- 
cludes twelve short ^'desii^n criteria*' pa|>ers 
clealiiu^ with engineering, materials-,- wide- 
span sti'uctures, inflation and environmen- 
tal systems, heating and air conditioniiig, 
thermal hansmission, solar energy control, 
environmental- control, large area covers, 
space subdix'isions', and local code recju ire- 
men is. t 

The technical ai t ides are .fo llolwed by 
nine case studies of air struetuic utilization, 
inchtthng Antioch College's branch canipn.s 
in Colimibia, Maryland, and the field house 
at Milligan .College in Johnson - City, 
Tennessee. 

Ill an adHresj; to /the group, Walter W. 
Bird, who is known as the **falher".of 
air structures in tiie United States, traces 
the history of air structure development 
(Bird 1972), Although patents had been" 
obtained on air-structure ideas as fac back 
as- 1917, the first practical application* 



came in the nud- 1940s at the Cornell 
Aeronautical Laboratory, a research facility 
in Buffalo, New ^'ork. This first air struc- 
ture was a radar dome conceived and 
developed to meet the need for a thin, 
non metallic i^^rcUective covering for radar 
stations. 

Cohimercial applications c^f air struo 
tures began about 1956 when- warehovises 
and |)o<)l ench)siu*es w'cre designed aiid 
constructed. Because of the lack of recog- 
nized design standards and regidations; of 
Iniilding <:ode specification's, and of con- 
st ruction expertise, many of the early 
structures ga\'e unsatisfactory service. ^ 

Two years after the 1971 initial forum 
on air structures, the Building Research 
[nstituie in cooperation with the Kduca- 
tioaal facilities Laboratories, Inc. (KFl^) 
atid Antioch College conducted a three-, 
day national technical conference on '*Air 
Struct LU*es in Lducation," partially held 
inside the 1 80-foot-square air .structure al 
Antioch College. 

The purpose t)f the rneeiing was tt) 
gather the.workrs leading architects, engi- 
neers, educators, and other.s Tor presenta- 
.tioiis of the very latest developments in air 
structLU'es, particularly as related to the 
field of education, and to discuss educa- 
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linnal. (»|)()c)rUinit ics, ocoiUMttics. tcclmo- 
loi^ical cU'VL'lopinciits. aiul ihc Icasibiliiy Inr, 
fiiluiv. list* of air sttuciui cs. 

Some of llu' j)apcrs j^rcsi'mcd at ihc' 
nicet.iiii4 arc iiuludcd in ihc April/Juiu* 197!^ 
issue of Htiildiu^^ lirsrarrh ("Air Siruciiircs ■ 
\\\ K(luLalii)ir' I97j). ]''caturc(i arc acuial 
or planned lacililies a^ Anliorh Coilcoe. llu' 
University o\ Wisconsin, Charles Wrij^hi 
Academy, and the Delta Winter Chif). 

In an address to this conference. Waller 
Bird -stated that' the air struelnre has cle- 
\*elo|Hrd throuj^h sit^niricani , sta^j,es, , training 
acceptajice al each stak!,e. i)ut ufteii lor far 
dilTerent reasons {Bird 1973). The first 
stai^e was military applicati{»ns, roI]()\ved by 
' ctuuenlional standard air sUuclures (ti^e 
*i)ubbles*'), exhibition structures, and, now, 
pernlanen L building applicati{)ns. 

^Bird considers this^toui th stai^e ihe most ^ 
iniportuni in the develop men i of air siruc- 
tm'es. In discussin<^ diu'ability o\ fabric struc- 
liu'cs and cost advantages, he mentitms \\ 
new niaLerial ( rellon-^lass) liiat isexj)ected. 
to provide a scrN'ice life of twenty years 
()r more. . ' , . 

Bird stresses the- imj^ortance of archi- 
tects workinj;:; ch)sely, in the carlvv.desiiin 
slaii,e. - with fabricators fidly ramili'ar wiib 
all as|)ect;s of air sirucunxvs. This should be 
done t()" avoid desii^ns that cannot be 
supported by avaihihle jiialerlals or fabrica- 
tion technicjues and It) lake full advantaj;e 
of a\'aila[)le ex])eVience ro assure success! ill 
performajicc. . 

COSTS 

Construction-cl^st f\s'timaies l\)r air struc- 
tures vary between and $6.60 per square 
foot depending on ihe lype and si/e of the 
structure antl the materials used (''Livht- 
weight Struclures for Kducalion" 1973, 



X'alerio and others .1973. Ontario Depavt- 
ineni of Kducation 1972. and Geiger 19 72), 

When com|)ared to the S 20-540 j)er 
scpiare foot cost of hew permanent construe- 
tit>n (''Lightweight Structures for Kduca- 
tioir\ I 9.73), ii is a[)parent that lo\v cost is 
one of the most, compelling reasons for 
considering air structures. 

Bird (1973) c;uuiv)ns against. attempts to 
ctit too many costs in tlie design and con- 
struction of air structnres. "There is no 
such thirig as a good, cheap air structure; 
ll may be goodv iVrlt n^av be cheap, bul 
not both. llowe\er, a good air structure can 
be economically designed wit ho tit sacrific- 
ing (|iiality.,..'rhe low* cost'of conventional, 
standard air structures is possible only be- 
cause of standard designs, standard pattern- 
ing, and production fabrication procedtu'es.'*'^ 

To obtain reliable^ data on the rclati\'e. 
-costs of alternative enclosure systems over 
vari{)us periods of time, the Lulu cat ion a I 
Facilities Laboratories, Inc. (KFL) spcMi- 
sored a study in which the costs of air 
.stn\eiuves and sixothcr distinct tyj^es of 
readih^ available struct tires \vci*e analvxed 
and compared (Kopj:)es 1969). Costs, in- 
cluding the charges for financing, operation, 
and maintenance as well as the initial 
C( ) s t s , a re c( ) m pa red fo r t h I'cc ' ah e rn a t i\'e 
annua' terms ol tise over j^eriods of five, 
ten. and Lweiity yeat's. 

Detailed cost calculations for each of 
twelve N'uriations of appropriate stiuctiues 
are [presented and sinnmari/ed in both tabu- 
lar and graph form. Also incltided are 
rec()mmendations ab(uU the essential fea- 
tures of the "ideal" structure for each 
alternative term' of use and lime period. 

Uses - 

In addition to providing cover f(n* perma- 
nent faeihties, air structures arc suitable 
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,y • for c'nK'r<;cncy shoit-nf)liLV shelters, lor 

■ cx[)crinicnt;iti{)n, and (or mrowih '(''Trend 
10 . . 1972), Air siriietnres can l)e .c[iiic;kly 
and economically erected lo meet sudden 
enrollnient sure»es ihai call lor emeri^ency 
' ' h(jusin.^, or ihVy can serve as Lransiiion 
slicllers inuil growth is cnoiii^h lo jnstily a 
pernianeni faciliiA'. 

, These sLrucunes can be cKperinienlally 
\ used for {)j^un schools, with.Iar less 

initial invesiment than conventional schools, 
mininral ii|)keei), virtually ec|ual comfort 
and fuiiclion, and an anLicijKiled usaL^e ol 
ten or more years. 

The ideal facility for lil'etime ■si)orLs is 
descri!)ed as a mcnihrane slrucUne encap- 
■sulalinj^ space with three intramural fields, 
-and facilities lor ice hockey and swimmini> 
R-ichard Theibert on Facili tic's ..." 
^ 1971 l^arge clear sj>an aieas can accommo- 

date major eveiUsTike football i^ames, then 
be converted f'or multipiU|)()se acti\iLies 
up.der the same shelter. ^ 

Some of the uses of air structiues are 
cited in a Canadian joiu'nal^ School Proirrcss 
C'A Scoop of ihe Sky" 1 97 1 ).. iie.catrse 
Sweden's climate is similar to that of 
Cana<la, an inriatable used for a daycare 
center crectd'd in Sw*eden in 1970' is of 
particulaV ihteresl to Canadians. In coni- 
jiarison to Conventional buildings', the in- 
stallation, called . "The Plastic .. Thu /' ..is. 
credited as bein<;" hi^^hly suitable for children 
because it provides a fun, unconventional 
. atmosphere without limiuuions of space. 

Advantages and Disadvantages 

■ " Valerio,- Davies, and Stanton (1973) 
describe conventional buildint^s as ''over- 
weij>lit, overfed, and dumb.-' Convenlional 
■buildings are overfed in the sense that they 
f consume an en{>rm()us amount of time and 
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res(unces (luring phmnin.i; and con si nu'lion. 
Conventi(inal buil(lini>s are o\'erwei,L»bt be- 
cause ol" ihe'rioid heiivy materialj^ thai are 
difficult to mo\'e, assemble, and desirucl. 
Con\'ent ional buildiniL^s are duinb because 
com|)ottents must be lifted into place in 
leii<i;thy, t;ostly, a'nd iuN'oKcd ■ processes" 
under the constant nio.nitorin^t^ of humans.- 
. On other hand, air st rucii\res consvune 
minimal resources; arc lit;ht \\'ei,t»htj and port- 
aide, and ha\'e niemories tailored inio the 
fabric recjuir.inc^ only ^air pressure lo crci'l 
[hem. ' 

.■\notlicr a(ivanta,^c cited by these aiithors 
is that I a roe areas can be enclosed withoiu 
internal suj)j)orts. 

An article in Xdlion s Schools (''Bubble, 
Bubble: Less Cost, Minimum Trouble"" 

1970) indicates mixed reactions the use 
^^of air ■ structurc-s for Mnexpt>nsi\'e viihlctic 

facilities durin.i> the last ten vears. . 

l"he merits of air structures arc cited 
as beint^ cct)nomy*, raj^id constriurtion (three 
to ten (lays),- coverage cif Iai\^e areas, ease of 
maintenance, and versa tiiity. Problems men-" 
tionecl inchicle vandalism, wind problehis, 
sn<)\v,.main lenancc (jf air [)ressurc, atronslics; 
and li,i^h'tin_t». 'l"he advanta^^es of the bul)I)Ie— - 
lii>htness, and mf)vability—make it suscej)- 
lilile to dama<4e, especially around the seams 
wliere the f abi'lcs are most vidnerable. Some' , 
school users have foimd their bubi)les 
kuifcd or torn. 

An article- in ]^ro<frL's\iVC Arcliiicclun' 
("With a Little Help iM'om My iMaends" 

1971) stresses that the freedom of the 
individual to delermiiie. his immediate en- 
vironment can be refiecied in architecture, 

; Domes and inflaiables arc tlie forms nearest 
to annihilation of the "edifice complex.'' 
A CEFP Jourudt Special Repcni (''Trend ^ 
^1,0...'' 1972) ccjnsicfers "there can be- 
little doubt that inflatahles are i rapidly 
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hc(:i)inin<^ IVoUi \in usse't and irciKi in • iho 

ioiuil |)r()^rinn. " 
• An Ontario l)c'j);nnncni of lUiucatiou 
r "(1972)' pubilcai U)n stmiinari/cs airrcnt 
infonniition . and icKMuirics . s.onio (Sl- vhc, 
hcne-lits and ihc problcni.s inyoKcd in itr; 
use of air siruci uri-s. 

*llic a(i\'ania^i»cs listed inc ludO low iniiial 
cosl; speed and case ol ereclion/IvandiiniL;, 
... and repair; .'portai^irny; adajiial^ilify Inr 
temporary fiinciions; unoI)si rucied sjKice 
wiHi Ingh eeiliiios; liilegratecbheatin,^, venii" 
huin>;. aiul- air-pressure sysienis; and maxi- 
nu'im u.tili/ation of daylighi illmninaiion. 

Disadvan laiJes lisled seeni lo corre- 
lated'wilh llie faei llial air struelines are 
iheprocUicl of a rcix^ni and rapidly deveiop- 
in.i; leehiK)loj;y. l)i ITieuIt ies thai oilier 
authorities c:laim are in the jMoeess ol Ijcini^ 
solved are^horl lilc ui the ral)rie enveloiK*; 
thermal,. light, and sound problems; and ini- 
(X'rtiiin [icrlornianee over lon^^-ierni periods. 

SIGIVIF4CANT EXAMPLES " . 

' ■ .Several sLruetrnvs 'have been co\'ered in 
the itier;iture IVoni clra\vin,i> hoard sta<^c 
through e(jnipleli(jn. The s<:ope, dinuinsi(,>ns, 
materials, and eosts oi these structures, as 
cited in the articles, have changed with 
time. In most cases the planned si/,e and 
amenities of the sLrueti\res have decreased 
and. the eosts^have increased. ^ 

.\n early publication (R(oberXson 1964) 
desci'ibes live air structures at, The Forjrian 
School of laichfield, ConnecliciU, The 
... ■■ .I'irsi bubble -erected in 1961 (/h the campus 
• of this secondary school pioneered the use" 
ol* air struct in*es for school sjiorts, antl a 
later second bubblcA incorporated solutions 
to problems pt)sed b'^N'iihe first. 

The school's experiences with bid)l)lc-. 
^ covered pla\' space in solving site, lighting, 
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and lieating |)roJ)lcms are considered a 
signil'icani contribution lo the resear(di and . 
devciopmenl. work that has [)crrecled air 
striu'turcs. 

.'\n air siruciine that ha.s received exten- 
di \-e coverage- in the literatiu'c is the 
Miliii;an CoHegc field house, Accoi'ding to 
an article in the jidy. 1973 -issue of 
Aitwrican School & yiiivcrsiix ("Light- 
weight .Struct tires lor Education''), the roof 
'<d' the air-stiiijiorfed iTldd house was sched- 
uled for inflation the last wee.k of .-Vugirsl 
1-97:^. The tow-pro I'ile I)uilding will he 
cable-restraineduind colnmn-free with lower 
'and nij)j3er floors and me/./.anine levels on ■ 
the sides. / ■ 

Additional descrijition of ihc field house 
at the I i)lann*ing .s.tage 'i.s .iiv^ilablc in 
''Advanced llncapsidated,^ Field house''. 

(1971).. ■ \ ' ■ ; 

The story of a three-year expermienl in ' 
education and architecture, inx'olving a 
hundred or more j^eoplc and resulting in 

■ the construction of the Antioch College ■ 
air sU'ueturc, is told in' ihc architect for 

'the |)rojeet (Kkstrom 1973). ., 

The Anti(>ch bubble at C<.>liunbia, Mary- 
laiul, serves as a base. foi; stiidcn ts, on work- 
study ;■ leave from the main campus 
("Lightweight Structures for Kducation" 
1973). The btibble is a translucent ' vinyl 

. material covering 32,400 scjuaie feet, with 
'facLdty and administrati\'e, offices, clas.s- 

. rooms, aiul semin-^u's inside assembled from 
lightweight, mova!)lc materials such as 
geodesic domes. The bubble provides an 
inexpensive semipermanent campus easily 
adaptable to many different educational 
j)rograms. • . 

According to the .same article', 'at LaVerne 
College/ outside. Lbs Angeles, Se[)tcnd)er 
1973 cotnpletion avus scheduled for two 
cone-shaped structures housing a, two- story 



sUulciU L'ciUcraiid a (iiania hib. rhcsc sniiL- 
lurcs, coiisisiinj^ oi" 'rcflon-coaU'cI l"il)L*rgIa.s.s 
supporicd I)y a nctwotk (d" cables, an* iioi 
U'L'Iiiiically air st rue lures. 1 l()\vc\-cr, the 
huil(liiii;s are eilcd in many artii'Ics al^oul 
air siruL'Uires and Bird lists liicni anionic ids 
design of air si rue ui res. 

riie upper level ol" ihe slndenl eenier 
includes hajike.lball and x'olleyball eouris;" 
ihe lower level has a-eanipus radio slalion, 
phoio^vaphie darkroonu and media room. 
The drama lab eoniains a ibeaier wiib 
seaiini* Tor 21-5 people, a reiiearsal rooni, 
and scene shops. 

The lechnical aspects of ibe LaV'erne 
slJticun*es are described in ihe Ma\-Jime 
197!) CEFP Journal ("A 'Scoop of ibe 
Sky" Uiv LaV'erne Collet»e"). ; 1.. a Verne's 
innovative presidenl said ibal ijjere were 
two reasons lor ibe 'perinanen I li'j^luweii>lii 
slnielure approach lo ibe co lie trie's prob- 
lems: cost, and a need lor ibe collet^c in 
remain flexible in an educaiioiially fluid 
(leeade. The new concept for cneapsnlatin^ 
space fits in with iht freed<jm and ad.apla- 
biliiy.of ihe La Verne curriculuni. 

Future Uses 

Valerio, Davies, and Slanion (1973) say 
lhal desit»ncrs arc in llie experimenlal slaifc 
ol" conslrnchn^ a c(jniplciely self-susiainin^ 
environnienr in which ibe membrane will 
serve as siruclure, enclosure, and uncbtn ai^e, 
control li^bi and thermal transmission, and 
collect solar enerjvy. 

Gei,u;er (1972) in a technical article fore- 
casts future de\'eloi)ments that may include 
a '*l hernial roof" to serve as a solar 
collector and thermal radiator, which would 
permit climate control. The article contains 
a structural analysis of the latest dcvelop- 
menis in^^iir siructiux's from new fabrics to 
new uses. ' 



Projection;; of future, uses include* en- 
t'aj)sulaiinj^ whole conmnmitles to [>ro\'ide. 
environmental jiroieclion in the far north 
or j)ollulion jM'oleciion in other locations 
(^Wir Fare"" 1972). 

'rhree j')]"otoiyi^e structures jjrcceded the 
|)i'esent structure at Antioch Collei>,e, \\ h ich 
is considered Pr()totyj:)e I\'. The desi<-;n of 
Prototype V, j)owere(l by the sun and the 
wind, is to be the result of all the cxjicrience 
trained \i\ the buildin.t; of 'the previous 
models (KkstronV I97M). 
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